ABSTRACT -The selectivity of five insecticides, regularly used in peach farming, was assessed for larvae of the predator Chrysoperla externa (Hagen) (Neuroptera: Chrysopidae) by means of bioassay in semi-field conditions. The bioassay was based on the counting of captured larvae after release in peach trees treated with the insecticides (% of active ingredient in spray liquid): deltamethrin (0.001), fenthion (0.050), phosmet (0.100), lufenuron (0.005) and malathion (0.200). Bait-cards with eggs of Anagasta kuehniella (Zeller) (Lepidoptera: Pyralidae) were used to capture larvae from treated plants; five of them were fixed in plant canopy and five others left on the soil around stem. A protective barrier made up of galvanized steel sheet was used for each plant to avoid loss of larvae. The number of larvae feeding on the bait-cards was measured for four days. According to the number of captured larvae, each insecticide effect was estimated and classified into toxicity categories as stated by the International Organization for Biological and Integrated Control of Noxious Animals and Plants (IOBC). Based on observations, the insect growth regulator lufenuron was harmless, while the neurotoxins deltamethrin and malathion were slightly harmful; and lastly, fenthion and phosmet were moderately harmful to C. externa larvae in semi-field conditions. Thus, lufenuron should be recommended for integrated pest management, since it would preserve this predator species in peach orchards.
INTRODUCTION
Among the damaging factors in peach yields in Brazil, it is noteworthy mention the infestations of pest-insects such as fruit flies Anastrepha fraterculus (Wied.) and Ceratitis capitata (Wied.) (Diptera: Tephritidae), as well as oriental fruit moth Grapholita molesta (Busck) (Lepidoptera: Tortricidae) and secondary pests like aphids, mites and mealybugs (NAVA et al., 2014) . Most peach growers still use chemical control, applying broad-spectrum insecticides regularly, such as organophosphates and pyrethroids, as main control tactics against these insects (BOTTON et al., 2011) . However, indiscriminate use of insecticides can adversely affect natural enemies in the orchards, impairing thus the natural biological control besides encouraging rise of species already under control (ATANASSOV; SHEARER; HAMILTON, 2003) .
Predatory insects from the family Chrysopidae naturally occur in various agricultural ecosystems, including peach orchards (SCHUBER et al., 2008) . Among the lacewing species, Chrysoperla externa (Hagen) (Neuroptera: Chrysopidae) is the most abundant and has been widely studied in the Neotropics due to its high potential for use in biological control programs (ALBUQUERQUE; TAUBER; TAUBER, 1994) . This predator is notable for regulating populations of several phytophagous insects in peach crop areas, feeding on eggs and small larvae of lepidopterans, mites, aphids and mealybugs (FREITAS, 2002; DE BORTOLI et al., 2006) . Thus, the maintenance of C. externa populations in peach orchards should be consistently considered. To this end, the use of selective pesticides or with low impact on this predator is of upmost importance. Therefore, it becomes necessary further surveys on insecticide selectivity to this species.
Studies on pesticide selectivity to C. externa have been carried out in Brazil for several crops; however, the vast majority of these studies were made under laboratory conditions (GODOY et al., 2010; MOURA et al., 2010; VILELA et al., 2010) . Concerning peach orchards, laboratorial studies on pesticide selectivity to C. externa have been performed for larval (CASTILHOS et al., 2013) and adult (CASTILHOS et al., 2011) stages. Nonetheless, there are no records of selectivity studies to date in neither semi-field nor field conditions with this species in peach trees, which might be due to the high cost and difficulty of such studies.
It is relevant to assess pesticide toxicity on non-target organisms, both in conditions of semi-field or field, as it provides definitive information about the real impact of a product against a given natural enemy (THOMSON; HOFFMANN, 2006) .
In this sense, this study aimed at evaluating the selectivity of five insecticides, commonly used in peach orchards, to larvae of the predator C. externa under semi-field conditions.
MATERIAL AND METHODS
The bioassay was carried out in an experimental area belonging to the Federal University of Pelotas (Universidade Federal de Pelotas -UFPel) located in Capão-do-Leão-RS, Brazil (31º52' S latitude, 52º21' W longitude), according scientific approach proposed by Vogt (1994) and Viñuela, Händel and Vogt (1996) .
The larvae of C. externa were obtained from a colony kept in laboratory (temperature at 25±1ºC, relative humidity of 70±10% and photophase of 14 hours). Each larva was fed on nearly 0.06 g of Anagasta kuehniella (Zeller) (Lepidoptera: Pyralidae) eggs and adults had an artificial diet as described by Vogt et al. (2000) . Table 1 describes the insecticides assessed under semi-field conditions, which had shown to be harmful to C. externa larvae through a previous lab study (CASTILHOS et al., 2013) . These products are recommended to control oriental fruit moth, fruit flies and aphids in peach growing areas (AGROFIT, 2016); they were tested at their highest dosages recommended by manufacturers for pest control in peach orchards. As control treatment, only distilled water was sprayed. The insecticides were sprayed at the previously mentioned dosages on peach trees of nearly 1.5 m of height through a CO 2 -pressurized sprayer with a uniform flat jet nozzle (Teejet XR110015EVS), until leaf runoff, which corresponded to a volume of about 0.4 L spray plant -1 . Treatments consisted of four plants distributed in a random block experimental design. A barrier made of galvanized steel sheet (1.60 × 1.60 meters) with an opening in the middle through which plant stem passed protected each plant ( Figure 1A) . A thin layer of dry sieved soil was spread over the galvanized steel sheet. After spray drying (2-h later), 200 second instar C. externa larvae were released on each plant, and shortly thereafter, ten cardboards (5 × 7 cm), containing 400 ± 50 eggs of A. kuehniella (around 4,000 eggs), were placed on treatments to serve as attractive trap for larval capturing. Five of them were fixed on soil surrounding tree stem, and the other five were hung from branches by a clip ( Figure 1B ), being replaced daily until the end of the evaluations.
To avoid predation by birds or losses by intense winds and rainfalls, the plants were protected with a voile-type fabric ( Figure 1C ).
Four pillars supported the protective barrier, as displayed in Figure 1A . Each pillar was fixed in a container with water, which was used to prevent ants and other insects to climb up the stem and feed on C. externa larvae and A. kuehniella eggs. In turn, the protective barrier enabled the larvae released on plants to behave naturally, moving up and downward along the plant stem.
Counting was performed daily for the four first days after spraying, checking the number of larvae on each bait-card with eggs of A. kuehniella ( Figure 1D ). The larvae were removed from bait-cards using a fine-bristle paintbrush, counted and subsequently released back onto the plant canopy, viewing to put them in contact with the pesticide residue again.
The number of captured larvae per tree of each treatment was taken into account for insecticide effect calculation. Such calculation was made through the following formula: E% = 100 x [(C -T) / C], wherein E% = Effect (%); C = average number of larvae captured in control and T = average number of larvae captured in treated plants (ABBOTT, 1925) .
According to the effect (E%), insecticides were rated into toxicity categories for semi-field bioassays established by the International Organization for Biological and Integrated Control of Noxious Animals and Plants (IOBC), which are: 1) harmless (< 25%); 2) slightly harmful (25-50%); 3) moderately harmful (51-75%) and 4) harmful (> 75%). Data regarding the number of captured larvae per treatment underwent variance analysis, and the means were compared by the Tukey's test, at 5% probability, using Winstat software (MACHADO; CONCEIÇÃO, 2007) .
RESULTS AND DISCUSSION
Among the evaluated insecticides, Figure 2 shows that deltamethrin, fenthion, malathion and phosmet reduced the number of captured larvae on the first day after release (1 DAR) (F = 6.86, df = 5, p = 0.00096 ). Captures ranged from 15.3 to 22.5 by treatment with fenthion and malathion respectively, showing a reduction of more than 50% compared to control. Average number (± standard error) of Chrysoperla externa larvae captured during the four-day trial in peach plants sprayed with insecticides under semi-field conditions. Means followed by different letters each day after release (DAR) differ significantly by the Tukey's test at 5% probability.
At 1, 2, 3 and 4 DAR, 47.3, 23.8, 22.8 and 13.3 larvae were captured for treatment with lufenuron, respectively. These averages were not significantly different from those observed in control, which were 49.8, 21.5, 18.3 and 12.8 larvae collected, respectively (Figure 2) . At 2, 3 and 4 DAR, the number of captured larvae in treatments with deltamethrin, fenthion, malathion and phosmet had no difference from lufenuron or control (2 DAR: F = 2.32; df = 5; p = 0.085; 3 DAR: F = 1.86; df = 5; p = 0.15; 4 DAR: F = 1.28; df = 5; p = 0.31) (Figure 2) .
With respect to insecticide effect and toxicity classification, Table 2 shows that the average number of larvae captured during the four-day trial in plants sprayed with the organophosphate insecticides fenthion and phosmet were significantly lower than control (F = 6.05; df = 5; p < 0.0001).
These aforementioned insecticides were classified as moderately harmful (class 3), with an effect of 51.6 and 61.9% on larvae, respectively. The pyrethroid deltamethrin and the organophosphate malathion reached similar effect, reducing in approximately 43% the capture of larvae, being therefore classified as slightly harmful (class 2). The insect growth regulator lufenuron did not reduce the average number of captured larvae, and was considered harmless (class 1).
1 D.C. = Dosage of commercial formula (g or mL 100 L -1 ); 2 E% (Insecticide effect) = 100 x [(C -T) / C], wherein C = average number of larvae captured in control and T = average number of larvae captured in treated plants ( ABBOTT, 1925) ; 3 IOBC toxicity classification for semi-field trial: 1= harmless (< 25%); 2 = slightly harmful (25-50%); 3 = moderately harmful (51-75%); 4 = harmful (> 75%). * Means followed by different letters differ significantly by the Tukey's test at 5% probability.
Either the pyrethroid deltamethrin or the organophosphates fenthion, phosmet and malathion are featured by a knockdown effect and, thus, acting faster by causing symptoms such as shivering, reduced movement, regurgitation and excessive excretion in insects (HARAMBOURE et al., 2013) . Differently, lufenuron interfere in the molting by inhibiting chitin synthesis (ADEL, 2012), which may explain the difference from neurotoxic insecticides at 1 DAR.
An insect population survival is affected by environmental resistance, which is responsible for natural mortality caused by adverse weather conditions among others as biotic actions of parasitoids, predators and pathogens, as well as lack or poor quality of hosts (PETERSON et al., 2009) . Therefore, covering the plants with voile-type fabric ( Figure 1C ) was crucial since played down weather action such as rainfall and winds. Between the first and the second DAR, rainfall of 22 mm poured down and the cloth could not avoid leaf wetting but prevented larvae and bait-cards to suffer direct impact from raindrops. The decreasing number of captured larvae at 2, 3 and 4 DAR, in all treatments, may be partly related to rainfall, however, evaluations of insecticidal effect on larvae was not impaired, since all treatments underwent the same environmental actions.
The number of larvae collected in control over the four-day evaluation closely resembles that achieved by Viñuela, Händel and Vogt (1996) running a field bioassay conducted in a similar manner to this study, with a protective barrier. These authors collected in the first catch around 20% from larvae of Chrysoperla carnea (Stephens) (Neuroptera: Chrysopidae) released onto untreated apple trees, with a decreasing rate as the days passed.
Evaluating the effect of a natural pyrethrin-based insecticde under field conditions, Viñuela, Händel and Vogt (1996) found non-harmful effect against larvae of C. carnea, and classified it as harmless (class 1). These authors claimed that such finding was due to low persistence of natural pyrethrin, since they are easily susceptible to photo-degradation compared to synthetic ones. Conversely to this study, where deltamethrin was considered slightly toxic (class 2) to C. externa, Vogt (1994) confirmed high toxicity of cyfluthrin, also a pyrethroid, to C. carnea larvae, rating it as harmful (class 4). The same author evaluated phosmet and classified as harmless (class 1) to C. carnea, with only 10.5% reduction in larvae capture, whereas it was moderately harmful (class 3) to C. externa, in the present study. These differences may derive from active ingredient intrinsic characteristics, whose levels of toxicity may vary within a chemical group, type of formulation, presence of inert and adjuvant ingredients and different dosages (KALAMARAKIS; MARKELLOU, 2007) . Differences in susceptibility between species can also interfere with toxicity of the insecticides in question, as these species have different enzyme detoxification systems. C. carnea tolerance to certain pesticides, particularly pyrethroids, is attributed, among others, to high activity of esterase enzymes (MULLIGAN et al., 2010) ; while for C. externa, the P450 monoxygenases, another enzyme group, acts jointly with esterases and provides a degree of natural tolerance to pyrethroids (HARAMBOURE, 2016) . Furthermore, the use of different leaf substrates, apple in the study of Vogt (1994) , may have effect on the results. As stated by Zongmao and Haibin (1997) , leaf substrate can influence insecticide toxicity, since active ingredient metabolization and concentration into the leaves may vary depending on species intrinsic features, for example hairiness, roughness and leaf growth rate. Some populations of lacewings show a certain degree of tolerance to neurotoxic insecticides, with no deleterious effects on biotic potential and predating ability (PATHAN et al., 2008; PATHAN et al., 2010; HARAMBOURE et al., 2013) , which makes them an important choice for programs where biological and chemical control are required. Under conditions where spraying of neurotoxic insecticides becomes extremely necessary in peach orchards, deltamethrin or malathion are the most rational choice for maintenance of C. externa, since these products were the least harmful to this predator larvae among the neurotoxic insecticides evaluated.
Likewise to the current study where lufenuron proved a harmless effect, Haramboure (2016) found high selectivity of the insect growth regulator pyriproxyfen to C. externa, demonstrating selectivity of such class of insecticides to the referred predator larvae.
According to Thomson and Hoffmann (2006) , lacewings are extensively exposed to pesticides, thus the use of selective insecticides as stated by selectivity tests of the IOBC contributes to maintaining and preserving these natural enemies in agricultural ecosystems. Under this background, it is essential to identify selective insecticides to C. externa and incorporate them into Integrated Pest Management programs (IPM) to ensure this species biological control in peach orchards.
Selectivity studies under conditions of semi-field or field, which are able to provide most realistic information on impacts of pesticides against natural enemies, are still scarce, mainly due to methodological issues.
Despite the advances brought by the IPM, chemical control of pest insects in peach orchards is, in several cases, still necessary, of which selective active ingredients to natural enemies must be prioritized. This way, the insect growth regulator, lufenuron, which has proven to be harmless to C. externa larvae, should be recommended for Integrated Pest Management programs in peach growing areas, aiming to preserve such important predator species.
CONCLUSIONS
Lufenuron is harmless (class 1), deltamethrin and malathion are slightly harmful (class 2), and fenthion and phosmet are moderately harmful (class 3) to larvae of C. externa under semi-field conditions.
The insect growth regulator, lufenuron, must be prioritized to replace neurotoxic insecticides in peach orchards, seeking to maintain the populations of C. externa. 
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